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(54) ULTRASONIC PROBE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ultrasonic probe 
capable of performing the shaking operation of an ultrasonic 
vibrator at its leading end part by small-sized and simple 
constitution to perform the stable transmission and reception of 
ultrasonic waves. 

SOLUTION: A vibrator unit 12 including a plurality of ultrasonic 
vibrators is arrange in the leading end p art 14 of a vibrator 
case 20 inserted in the celom. This vibrator unit 12 is rocked 
centering around a rotation shaft 22 by a pair of arm members 
32 advancing and retreating by a parallel advance and retreat 
mechanism 34 constituted of connection arms 36a, 36b, support 
parts 38a, 38b supporting the connection arms 36a, 36b and the 
shaft 22 rotated with a motor 26. 
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(Page 4, right column, line 6-page 5, right column, line 16) 
[0025] In Figure 1, a motor 26 is, for example, a DC servo motor, which 
includes a rotation detector for managing oscillation of an oscillator unit 12, 
or the like. In an inserting portion 16 into which a shaft 22 is inserted, a 
signal line group 28 (in Figure 1, only the signal line group 28 that lies in a 
grip portion 18 is shown) composed of a bundle of signal lines led out from 
respective ultrasonic oscillators of the oscillator unit 12 is also inserted. 
Thus, a shaft cover 30 is provided around the shaft 22 so as to prevent 
contact between the shaft 22 and the signal line group 28. It is preferable 
that the shaft cover 30 is arranged at a position deviated from a center of an 
axis of the inserting portion 16 so as to facilitate insertion of the signal line 
group 28. 

[0026] Figures 2(a) and (b) are a cross-sectional top view and a 
cross-sectional side view, respectively, for illustrating in detail an inner 
structure of an end portion 14 of an ultrasonic probe 10 of the present 
embodiment. As mentioned above, the oscillator unit 12 and a pair of arm 
members 32 as well as a parallel advancing and retreating mechanism 34 
for oscillating the oscillator unit 12 are arranged inside the end portion 14. 
The parallel advancing and retreating mechanism 34 includes connected 
arms 36a and 36b whose both ends are connected to the pair of arm 
members 32 in a freely rotatable manner, support portions 38a and 38b for 
supporting central parts of the connected arms 36a and 36b, respectively, in 
a freely rotatable manner, and a shaft 22 as a driving portion for 
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transmitting an advancing and retracting force to the pair of arm members 
32. Further, the oscillator unit 12 includes an oscillator array 12a in which 
a plurality of ultrasonic oscillators are arranged along a surface of a resin 
holder 40, for example. An acoustic lens 42 for focusing ultrasonic waves 
and the like is provided on a side of a surface for transmitting and receiving 
ultrasonic waves of the oscillator array 12a (an acoustic matching layer, 
which is not shown, is arranged between the surface for transmitting and 
receiving ultrasonic waves and the acoustic lens 42), and a backing member 
44 for producing an acoustic damping action on a back surface of the 
oscillator is arranged on a back side of the oscillator array 12a. The 
oscillator unit 12 is configured to have an approximately hemispherical 
shape as a whole. Each ultrasonic oscillator of the oscillator array 12a is 
arranged in an approximately front-rear direction along a curved surface of 
the resin holder 40 in Figure 2(a) and in an approximately up-down 
direction along the curved surface in Figure 2(b). 

[0027] In Figure 2(a), the oscillator unit 12 is oscillated, for example, 90° 
(45° each in an upward and a downward directions from the center in the 
figure) in directions of arrows P in Figure 2(a) around an oscillation axis A 
located at an approximate center of the resin holder 40 having an 
approximately hemispherical shape as a rotation center. As mentioned 
below, since the oscillator unit 12 is supported by the arm members 32, the 
oscillation axis A may be present actually or provided hypothetically. Both 
ends of the oscillator unit 12 and one ends of the respective arm members 32 
are engaged with each other in a freely rotatable manner. In Figure 2(a) of 
the present embodiment, support axes 46 are formed on the both sides of the 
oscillator unit 12, with which the one ends (referred to as "working ends" in 
this embodiment) of the arm members 32 are engaged in a freely rotatable 
manner. Thus, in Figure 2(a), when the upper arm member 32 is moved in 
a direction of an arrow M, and the lower arm member 32 in the figure is 
moved in a direction of an arrow N, the oscillator unit 12 is rotated around 
the oscillation axis A in a counterclockwise direction. To the contrary, when 
the upper arm member 32 is moved in the direction of the arrow N, and the 
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lower arm member 32 in the figure is moved in the direction of the arrow M, 
the oscillator unit 12 is rotated around the oscillation axis A in a clockwise 
direction. In this manner, when the pair of arm members 32 are advanced 
and retreated reversely while being in parallel with each other, the 
oscillator unit 12 is allowed to be oscillated. At this time, when a working 
axis (support axis 46) on which an advancing and retreating force of the arm 
member 32 acts and the oscillation axis A of the oscillator unit 12 are 
arranged in parallel with each other in the same plane, the advancing and 
retreating force acts on the working axis most efficiently, thereby oscillating 
the oscillator unit 12 smoothly at no load. 

[0028] As described above, in the present embodiment, the parallel 
advancing and retreating mechanism 34 is provided so as to allow the arm 
members 32 to be advanced and retreated reversely to each other while 
keeping the arm members 32 in parallel with each other. As mentioned 
above, the parallel advancing and retreating mechanism 34 includes the 
connected arms 36a and 36b whose both ends are connected to the pair of 
arm members 32 in a freely rotatable manner. The connected arm 36a is 
supported so as to be freely rotatable around the support portion 38a at the 
center of the connected arm 36a. The connected arm 36a is engaged with a 
bevel gear 48 fixed at an end of the shaft 22, and a bevel gear 50 for 
converting a moving direction of a rotation driving force of the shaft 22 is 
fixed. Thus, in Figure 2(a), when the shaft 22 is rotated by the motor 26 
positively (in a clockwise direction with an end portion along an axis of the 
shaft being a front), the bevel gear 50 is rotated in a counterclockwise 
direction, and as shown in Figure 3, an upper side of the connected arm 36a 
is rotated toward a direction of an arrow M. At the same time, a lower side 
of the connected arm 36a is rotated toward a direction of an arrow N. As a 
result, the upper arm member 32 is moved in the direction of the arrow M, 
and the lower arm member 32 is moved in the direction of the arrow N, 
whereby the oscillator unit 12 is rotated in a counterclockwise direction. 
Hence, when the shaft 22 is rotated in a direction opposite to that 
mentioned above, the oscillator unit 12 can be rotated in a clockwise 
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direction. By oscillating the oscillator unit 12 in this manner, an ultrasonic 
scanning surface 52 shown in Figure 2(b) that is formed by the oscillator 
array 12a is oscillated in the directions of the arrows P in Figure 2(a), 
thereby forming a plurality of the ultrasonic scanning surfaces 52, and 
ultrasonic waves are allowed to be transmitted and received. Consequently, 
an ultrasonic diagnostic apparatus (not shown) is capable of forming 
three-dimensional ultrasonic images based on a plurality of the ultrasonic 
scanning surfaces 52 and an oscillation angle of the oscillator unit 12. The 
oscillation angle of the oscillator unit 12 is recognized using the rotation 
detector or the like of the motor 26. In the present embodiment, since only 
one set of bevel gears 48 and 50 are used, few noises are caused by 
engagement therebetween during operation, and thus a user or a subject is 
less bothered by an uncomfortable feeling during operation. 
[0029] The connected arm 36b is provided to keep the two arm members 32 
parallel with each other. The connected arm 36b is also supported by the 
support portion 38b at its center in a freely rotatable manner. The both 
ends of the connected arm 36b are connected to arbitrary positions on the 
two arm members 32 in a freely rotatable manner. The connected arms 
36a and 36b are arranged in parallel with a direction in which the working 
ends of the arm members 32, i.e., support axes 46 are disposed. Further, 
the support portions 38a and 38b and the oscillation axis A are arranged on 
a straight line. Such an arrangement of the arm members 32, the 
connected arms 36a and 36b, the support portions 38a and 38b, and the 
oscillation axis A allows the arm members 32 to be advanced and retreated 
reversely and the oscillator unit 12 to be oscillated precisely and smoothly 
only by controlling the rotation of the shaft 22. 
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tOHW5 2*^7- Ag|5$t3 2<OT— A±(£>fi; 

— A 3 6 a , 3 6bH MffiT- Ag«t 3 2 (Of^fflffi, 
+*fo*>£*M*4 6 ©Mtf*lPlfc*tb'CWTfcE«$tL 
TV^o ££>K, ^SB3 8a, 38btil#A^E 

*IUbfcE«S;h/rv*5o 5 T-AW3 2, 

aSteT— A3 6 a, 3 6 b, ^»3 8a ( 38b, I 

BttiASrEltSr hlzXV, is* 7 V 2 2 <rm*£$gm 

£:fT9<£>^T\ IEfl£a>o;*A— X&T— J±Utf3 2<D$* 

[0030] ccDi5t-, *HJfe^T^i, siti^^.^ 

y M 2 0O^ffia5SrT-Aa5^3 2 "«ii!Se»i-*tf> 
T% fi»^a.=;y h 1 2 0iE«, h l 

SJi5«*BW 2 8 <DEBS:^S:fcoTtf 5 r i ^ pj 

[00 3 1] j^^P^ ct 5 Stb^-r Kl2a ttflBR 
^aWRfiKHf-SrEWb-CWfiKbTV^fc*, 04^ 
■TJ: 5 t^E«l^i:fc^fsfS2 8 a ^{f 

^mm2 8 1 bxgi#m$n-5o :^<s^s»2 si*. 

ftfeffl B ^i:T*b*v^J:5lwE«-t-5i^R^fc5 o 
«tBfca3V^-C, B2 (a), (b) ^5>Wb^4i5 

tw, T — AgB^3 2, il^r — A3 6 a, 3 6 b 

2 (b) ^-r±5^, 5fe4»fiPBl 4<^rtSf5^*5V^-C. r 
-A^3 2, jgMr-A3 6 a , 3 6 b^^riSofcE 

ft^E«i-S^i:35S-e#S. i"*fc*>, MMh+^-iy h 
1 2^^t5^^^fc*^«ap a p^llX^^«1«te^ 

EMMt§ri:m?)o -t^ote*. fffi#2 8 
SrteSBfpi^b^v^i^t-. 75>o^A— X^gK^ix 
h l 2<DM»lcii^bTt!i(t^J:9tc:iS«^5w^ 

i»g¥2 8^E«Sr^W^o««gett-i: z F^b*v>ct 5 

[0 0 3 2] *7t, Eistw^i-J: ^MMMm^te 

v^x, ft^H2 8 *m&-tz>&m j &m2 8 a tt, 

*i^Q^a:Xi-**rRi^EB$tL^i««ott*5 4^«t 

<o«t*5 4(i % Hfett^^ogff^^SaftSr^Tb, ^W^?S:jS 
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ttJB^TIB-T***. roj;?!:. &&<d{E %m 2 8 a 

* 5 4 X&fr&tt r. t <fc t) 2 8a WStfettSr^t 

t?Lfcf:3U ft-S§T®2 8 aiW7^7t45;i4?g 

f -y ^ (@5 ttft#*l 2 8 a 1 **3# KH^iA 
<*>0t*5 4 0raPHlifiEET-foSo H^ii^fc 
Sfcfc-t-fttfflT-IH** 2 8 ro*(M4«r J: 5 ft±-T -5 
-e#3U ft»c-t*iri» 2 8 t S ►) & 

[0033] t: ?>x\ *mmMm<D£ b \z % 1 

4 <DftUX~m.Wrt-T 1 2 aSriHlS*5»&, 
ffil 4 fcBW &*tfc«#8B8ili« HFWBt) 14a (El 
2 (a) #H8) £|g«HPTW 12a k (OfattfttHtiLW: 

l&T-T Wf 1 2 -a i6S@3&, -Tft^jg^iSagiggB 14a 
i'SifT U-T 1 2 a k ©ft*tfttJWfc«H«#ttfc-5fc 

6 ^^i-«t 5 l 4 

MMU 14a tfSjg^jfc^-^s/ h 1 2<omf8MA±<K>M.& 

&m*>bt-tz$immtozf8.z ziizm&vx^z. -r 

&:b*>. S^SSSiggB 14a CDft® 14a ICDft^f/ij. 
RTfm^&mglfil 14a (7?^B 14a 2(7?*^4>.5/55v 

&m<¥'b-X'7£3&zhz>8im±.Km?\L -rttfrh. torn* 
mmf-tm^mm^ui 4 a kvftttftftGLW&mte. 

[0 0 3 4] fc*3. **Jfe^fgfw*3V>TI4, S^ffl-^S 
T-Ag|5*t3 2 kMWil-=>-~y h 1 2<n>m$&5fa i k 1 &\\L 



(6) ^Hi 2001-327499 

\,^&&igvitT—£.mt<o¥?7i&T&&ft5z\ktf-sim 

[0 0 3 5] 

/0 -So 

[0 0 3 6] je^fefii&^-OSSDT'fcS^^S 
k&X-ZZo 

[0037] ^ %\z s mnrn^mrn^-A^h^^m^n 
ffiM-tzw&xh. m^m$<D^m±*m&-rz z. t # 

[Hi] ^WOSWtoBtt^ffiSJB^Sailtt^w^flc 

[02] &&m<DMW&t&\zmzm^mmm*<o9ci& 
n<Dmfmrn^m.m-r^m.mmxh^o 

»^Sr?ftKi-s turn mxs> z . 
[04] *&ffl<omw&iRiz&&&*fflm=?-v>iRto 

40 [1215] *^BJcD^^ffi(r#?,@#&^tt^cr)«ttl 

[in 6 ] #?&93 w^us^iitr ^ ^ m^&mM^comm 
=f-=.=L*, bkm^&mmMk<Dm&&®.wi-z>®.wmx 

io s^St^tt^-. 12 mm^^-v 14 & 

50 ffiSP> 1 6 #ASR, 1 8 ffii^gB, 2 0 mb^tr— 
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2 2 2 4 ^y^y^^ 2 6 ^e— 

2 8 3 0 3 2 T 
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